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In the egg of the anuran Discoglossus pictus, the site of fertilization is restricted to the central portion of an animal
hemisphere indentation (the dimple). Previous studies showed that the acrosome reaction of D. pictus sperm is triggered in
the jelly, and yet sperm arrive at the dimple surface with the plasma membrane at an early stage of vesiculation. Reactivity
of the dimple surface with specific lectins suggests that fucose might be utilized as a marker of glycoproteins located at the
dimple surface. In this paper, proteins of the egg surface were labeled with the membrane impermeable sulfo-NHS-biotin.
Four main bands of 200, 230, 260, and 270 kDa labeled only at the dimple surface, although they were detected in the cortex
of the whole egg. The 270-kDa band reacted with Galanthus nivalis agglutinin only in the cortex of the dimple, suggesting
that this band is differently glycosylated according to its localization. The a-L-fucose-specific lectin Ulex europaeus
agglutinin I was utilized both in lectin blotting and in affinity chromatography and cross-reacted with the 200- and
270/260-kDa bands. Furthermore, two polypeptides were obtained by exposure of intact eggs to lysylendoproteinase C. They
were also reactive to Ulex europaeus agglutinin I. The 200- and 270/260-kDa bands were eluted from the acrylamide gels
and adsorbed to polystyrene beads. An assay for sperm binding to 200-kDa glycoprotein-bound beads was developed. Sperm
stuck to the beads before but not after Ca-ionophore treatment. When the beads were coated with the 270/260-kDa
glycoproteins, binding occurred after ionophore treatment. In these assays, the 200- and 270/260-kDa glycoproteins
competitively inhibited sperm binding to the beads coated with the corresponding glycoprotein. These results indicate that
the assayed glycoproteins, located either in the glycocalyx or in the plasma membrane of the fertilization site, are involved
in sperm binding. © 1998 Academic Press
INTRODUCTION
Membrane fusion between sperm and eggs is preceded by
a coordinated series of reactions involving egg envelopes.
The egg extracellular coat possesses ligands that are able to
interact with the sperm, causing the acrosome reaction and
the binding of the sperm membrane to the vitelline enve-
lope (VE) or zona pellucida; thus the sperm may proceed
toward the oolemma where intragametic fusion occurs.
While the interaction with external coats has been investi-
gated in detail both in invertebrates (for reviews, see Foltz
and Lennarz, 1993; Rosati, 1995) and vertebrates (see Barros
et al., 1996; Hedrick and Nishihara, 1991), the chemical
colloquium taking place between sperm and egg surface at
the time of fusion is largely unknown. At present, the
challenge is to understand what molecular interaction
occurs between sperm and egg surface after the former has
attained the ability to bind and fuse with the oolemma by
interaction with extracellular coats.
In the anuran egg, two main territories are present, the
whitish vegetal hemisphere and the pigmented animal
hemisphere where fertilization occurs. This remarkable
compartmentalization is extreme in the genus Discoglos-
sus, where the predetermined site of fertilization is further
concentrated in the center of the animal half. Indeed, in the
egg of Discoglossus pictus, fertilization takes place in the
dimple, while, in the rest of the egg (DLE, dimpleless egg),
sperm do not activate development. D. pictus has several
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advantages over other species for detecting the surface
molecules that take part in the fertilization process. First,
experimental evidence indicates that, in the dimple, ionic
channels, intramembrane particles, and cortical cytoskel-
eton are highly concentrated, which provides favorable
conditions for biochemical analysis of cortex and plasma
membrane (Talevi et al., 1985; Talevi and Campanella,
1988; Nuccitelli et al., 1988; Gualtieri et al., 1989; Tatone
et al., 1993). Second, a glycoprotein content (dimple con-
tent) keeps the dimple surface apart from the vitelline
envelope (VE) for a depth of about 300 mm. This makes it
possible to pinch off the VE manually, and to proceed to
biochemical analysis of the dimple versus the DLE, cleared
of the extracellular component of the egg. Third, the pres-
ence of terminal fucose has been histologically determined
only at the surface of the dimple center. This natural
marker can be utilized for the identification of glycoconju-
gates typical of this region and probably involved in the
fertilization process: in fact, fucose-containing components
settle at the surface of the dimple during its formation, and
disappear after fertilization (Denis-Donini and Campanella,
1977). Fourth, the acrosome reaction of D. pictus sperm has
been studied in its natural environment, and the mem-
branes interacting and fusing with the oolemma have been
determined (Campanella et al., 1997). The jelly coat, and
particularly the plug, is essential for sperm convergence
into the dimple center. Electrophysiological experiments
have shown that the dimple center is endowed with the
specific ability to generate typical fertilization potentials
upon insemination, followed by the formation of the fertili-
zation cone and the onset of development. Elsewhere in the
dimple, initial sperm penetration occurs but this event does
not produce either typical fertilization potentials or the
onset of development (Talevi and Campanella, 1988).
In this paper, we identified glycoproteins present at the
dimple surface. From biotin labeling and terminal fucose
lectin binding experiments, we determined the presence of
four fucosylated proteins, 200, 230, 260, and 270 kDa. The
major glycoproteins (200, 270, 260 kDa) were tested for
their ability to function in sperm binding.
MATERIALS AND METHODS
Animals
Adult females and males of D. pictus were collected in the
neighborhood of Palermo, Italy. They were injected with 250 IU
Profasi (Serono, Italy) in amphibian Ringer (111 mM NaCl, 1.3 mM
CaCl2, 2 mM KCl, 0.8 mM MgSO4, 25 mM Hepes, pH 7.8) in the
dorsal lymphatic sac, and their gametes were collected about 18 h
later, as indicated in a previous paper (Campanella et al., 1997).
Preparation of Eggs and “Cortex” (Plasma
Membrane with a Thin Layer of
Underlying Cytoplasm)
Eggs were dejellied in dejellying buffer (100 mM NaCl, 5 mM
DTE; 50 mM Tris–HCl, pH 8.5) and transferred to ice-cold 25 mM
Hepes, pH 7.5, containing 900 mM glycerol, 0.02 mM NaN3, 1 mM
ATP, 1 mM DTT, 5 mM EGTA (HB) and the following protease
inhibitors: 2 mM TAME (Sigma Chemical Co., St. Louis, MO), 5
mg/ml SBTI, 5 mg/ml aprotinin (Sigma), and 10 mM E64 (Calbio-
chem–Novabiochem Corp., San Diego, CA).
After manual removal of the VE and of the innermost jelly layer,
the eggs were homogenized in HB containing 1% SDS, centrifuged at
15,000g, and prepared for electrophoresis. For cortex preparation, the
dimple and DLE were separated by manual dissection (for more
details, see Tatone et al., 1993) and spread on glass petri dishes
containing fresh HB on ice. After several rinses in fresh buffer, dimple
and DLE cortices were homogenized in HB and prepared for electro-
phoresis as described for the eggs. A concentration of 0.3 M NaCl was
added to the samples during homogenization, prior to SDS–PAGE
analysis under nonreducing conditions. Samples of the dimple con-
tent were collected by pricking the VE facing the dimple.
Protein Determination, SDS–PAGE, and Gel
Staining
Protein concentration of the samples was determined with the
BCA or Micro BCA protein assay reagent (Pierce Chemical Co.,
Rockford, IL). After being mixed with sample buffer (Laemmli,
1970) and boiled for 3 min, 1 to 60 mg proteins was loaded for each
electrophoretic run, as detailed for each category of experiments. In
case of total egg supernates, the optimal amount of total egg soluble
proteins applied to the gels was 40–60 mg per lane, which corre-
sponds to about 1 egg.
Protein samples were analyzed with SDS–PAGE using Lae-
mmli’s Tris–glycine buffer system (Laemmli, 1970). The running
gel either contained 4, 5, 7.5, or 10% acrylamide or was a 5–12%
gradient. Molecular mass standards (200, 116, 97, 45, 31, or 21 kDa)
(Bio-Rad, Hercules, CA) and human spectrin dimer (220 and 240
kDa) derived from erythrocyte ghosts (Marchesi, 1971) were used as
reference markers. After fixation in methanol/acetic acid, gels were
stained with either Coomassie blue or the silver method.
Biotinylation
Sulfo-NHS-biotin (Pierce Chemical Co.) was used as a mem-
brane-impermeable, biotinylating agent for labeling surface proteins.
Small wells were molded in agar-containing petri dishes. The wells
were filled with 5 ml of freshly prepared sulfo-NHS-biotin in 8.3 mM
phosphate buffer, pH 8.0. Eggs, deprived of their external investments,
were deposited in the wells. After a 30-min incubation at 4°C, the
solution was replaced with 40 mM lysine in phosphate buffer to stop
the reaction. Following incubation in this medium, the dimple and
DLE regions were manually divided and separately homogenized in
phosphate buffer containing proteases inhibitors. As controls, a set of
eggs was directly homogenized in phosphate buffer containing sulfo-
NHS-biotin. In both experimental and control samples, 1% SDS was
added to phosphate buffer at homogenization. The samples were then
centrifuged at 15,000g, prepared for SDS–PAGE by addition of sample
buffer with or without 5% b-mercaptoethanol, and blotted on nitro-
cellulose sheets.
Affinity Chromatography
After removal of jelly and VE, eggs were homogenized in buffer
A (0.5 M NaCl, 20 mM Tris–HCl, pH 7.4) containing 1.5%
b-octylglucoside and protease inhibitors. Following centrifugation
at 15,000g, 50–100 mg of the supernate glycoproteins was diluted
1:40 (v/v) with the same buffer and incubated overnight with gentle
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shaking with UEA-I agarose (Sigma). The lectin matrix was allowed
to settle on ice and the supernate was carefully removed. Following
washing in buffer A and A9 (0.15 M NaCl, 20 mM Tris–HCl, pH
7.4), batch elution was accomplished by incubating Ulex europaeus
(UEA-I) agarose with 250 mM fucose in buffer A9 for 20 min. The
eluate was analyzed by SDS–PAGE.
Western Blot and Lectin Blot Detection on
Nitrocellulose
Proteins subjected to SDS–PAGE were electrophoretically trans-
ferred to nitrocellulose sheets, according to Towbin et al. (1979),
overnight at 180 mA (for more details, see Tatone et al., 1993).
Biotinylated samples were incubated with 5% fat-free milk (Mi-
lupa, Verona, Italy) and, following several rinses in saline, were
exposed to streptavidin conjugated with alkaline phosphatase,
using the Protoblot Immunoscreening system (Promega, Madison,
WI). In some experiments, blots were stained with 1% amido black.
Likewise, for lectin blotting, transferred proteins were first blocked
in 2% BSA in PBS, incubated in a-L-fucose-specific UEA-I aggluti-
nin conjugated with biotin and exposed to avidin–alkaline phos-
phatase. Blotting was also performed with biotinylated Arachis
hypogea peanut agglutinin (PNA) for general identification of
O-linked sugar chains, and with concanavalin A (Con A) and Ga-
lanthus nivalis agglutinin (GNA) for N-linked sugar chains. Neg-
ative control runs consisted of the addition of fucoidan or fucosyl
lactose, D-mannose, and D-galactose to UEA-I, Con A, GNA, or
PNA, respectively.
Lysylendoproteinase C Treatment
After being dejellied, the eggs were transferred to Ringer and the
VEs were manually removed. Undamaged eggs were transferred to
a fixed volume of fresh Ringer containing lysylendoproteinase C (3
U in 100 ml Ringer, Boehringer Mannheim, Germany). The diges-
tion was monitored under a dissecting microscope. As soon as egg
surface brightness started changing, the reaction was stopped by
the addition of aprotinin (20 U/100 ml Ringer).
The Ringer containing the enzyme digestion products was con-
centrated using a 3000 MW cutoff Microcon (Amicon, Beverly, MA)
and processed for electrophoresis and Western blotting.
Microscopy
Eggs were fixed, frozen and sectioned for fluorescence micro-
scopy, as described by Tatone et al. (1993). The sections were
incubated with UEA-I conjugated with fluorescein isothiocyanate
(UEA-I FITC, Sigma), extensively rinsed in PBS and mounted in
90% glycerol in PBS; afterward the level of fluorescence was
compared with that in control sections treated with UEA-I prein-
cubated with 1 mg/ml fucosyl-lactose.
Photographs were taken with a Leitz UV microscope using
Ektachrome 320 T.
For electron microscopy, eggs, dimple and DLE were fixed as
indicated in a previous publication (Campanella et al., 1988).
Electroelution
Egg proteins were separated by SDS–PAGE and the resulting
bands were visualized by staining with 0.3 M CuCl2. The area of
the selected bands was cut out, and the gel slices were electroeluted
with 25 mM Tris–HCl, pH 8.3, containing 1.44% glycine. Electro-
eluted glycoproteins were dialyzed at 4°C against distilled water
and concentrated in a Savant speed vacuum concentrator. In some
experiments, E64 was added to buffer D and to distilled water. The
protein content and the purity of each sample were checked either
by SDS–PAGE or by Micro BCA protein assay.
In Vitro Sperm Binding Assay
The eluted molecules were diluted with 23 buffer B, 1:1 (v/v).
Protein binding on 300- to 400-mm polystyrene beads was per-
formed as suggested by the supplier (Polysciences, Warrington, PA),
utilizing 0.1 M borate buffer, pH 8.5. About 800 beads were used for
each adsorption experiment. Equimolar amounts of the 200- and
270/260-kDa glycoproteins, BSA, and lipovitellin were employed.
A specific sperm binding assay was developed, which may under-
estimate the number of sperm bound to the beads, but has the
advantage of not selecting as “bound” those sperm trapped around
the beads because of their length.
Sperm suspensions recovered from the seminal vesicle were
diluted, and large sperm clumps were discarded. About 100 ml
sperm suspension was diluted in 1/10 Ringer and gently smeared
on microslides to induce unraveling of the sperm bundles and
sperm ejection. Sperm stop moving in 15 s (Campanella and
Gabbiani, 1979). About 100 protein-coated beads were released
onto the spermatozoa and incubated for 5 min, with gentle rocking.
After being rinsed in Ringer, beads were removed from the petri
dish with watchmakers’ forceps and observed at a light transmis-
sion microscope to score beads with sperm. The microslide carry-
ing the beads was shaken by moving the microscope translation
table. Sperm attachment to the beads that had resisted such
treatment was assessed as sperm binding. Parallel assays were
performed utilizing spermatozoa exposed to 25 mM calcium iono-
phore A23187. For each assay, the percentage of beads with sperm
was counted on 80 beads.
For competition assays, 200- or 270/260-kDa electroeluted pro-
teins were diluted in 1/10 Ringer at decreasing concentrations,
starting from the concentration utilized for adsorption to the beads.
They were then preincubated with sperm for 15 min. The sperm
binding assay was subsequently performed as described.
Beads were photographed with a Leitz UV microscope directly or
following exposure to 95% ethanol, staining for 20 min with 1.6
mM DAPI, and mounting in PBS–glycerol.
RESULTS
Biotinylation of Surface Protein and SDS–PAGE of
Labeled Dimple and DLE Indicate that Four Major
Proteins Are Present at the Dimple Surface
Labeled eggs were divided into dimple and DLE regions
and subjected to SDS–PAGE. Figures 1A and 1B show the
blotted gels after incubation with streptavidin–alkaline
phosphatase. Under nonreducing conditions, four high-
molecular-weight bands, having the apparent Mr of 200,
230, 260, and 270 kDa and a minor band of about 250 kDa,
labeled only at the dimple surface (Fig. 1A, compare lane a,
DLE, with lane b, dimple). In addition, a conspicuous band
having an Mr of about 140 kDa was present in both dimple
and DLE blots, while a minor band of 100 kDa was found
only in the dimple blot (Fig. 1A, b). Previous experiments
revealed that these bands cross-react directly with strepta-
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vidin and anti-biotin antibodies, indicating that they are
endogenous biotinylated proteins (Infante et al., 1995).
In control experiments, where the eggs were broken and
homogenized in sulfo-NHS-biotin, thus allowing labeling of
internal proteins, a larger number of labeled proteins were
found on the blots (Fig. 1A, c).
Under reducing conditions, a 200-kDa band (Fig. 1B) and
minor bands of low Mr were found, indicating a change in
the electrophoretic pattern of the high Mr molecules of the
dimple surface due to mercaptoethanol.
The electrophoretic patterns of the dimple cortex and the
DLE cortex, under both nonreducing and reducing condi-
tions, are indicated in Fig. 1C; these patterns belong to
proteins located in the plasma membrane and the underly-
ing cytoplasm. The only difference in the electrophoretic
patterns of dimple and DLE lies in the relative concentra-
tion of some proteins. In particular, the 200-, 230-, 260-, and
270-kDa bands are present in the DLE gel (Fig. 1C, a, DLE
gel under nonreducing conditions). This indicates that the
four bands were present in the DLE but not at its surface
(compare the gel of Fig. 1C, a, with the corresponding
Western blot of DLE in Fig. 1A, a).
To ascertain whether these bands were present in the
DLE blot, though unreactive to streptavidin because they
were unlabeled, the DLE blot of Fig. 1B, a, was stained with
1% amido black. The 200-kDa band was clearly present
(Fig. 1B, a9, sample under reducing conditions).
Dissected samples were processed for electron micros-
copy particularly to check whether the dimple content was
still present at the surface following egg dissection. By
comparing Fig. 2b with an undissected egg (Fig. 2a), it is
evident that, in the latter, the dimple content was no longer
present, while the dimple surface maintained microvilli
bordered by typical glycocalyx (Campanella et al., 1988).
The inset of Fig. 2a represents the electrophoretic profile of
the dimple content, where the 270-, 260-, 230-, and 200-kDa
bands are absent.
Affinity Chromatography and UEA-I Blots Reveal
That the High Mr Glycoproteins Detected at the
Dimple Surface Are Fucosylated
Total egg supernatant solutions (50 mg) were exposed to
UEA-I agarose. About 1/10 of the initial proteins was eluted
from agarose beads and loaded on polyacrylamide gels.
Mildly reactive 200- and 270/260-kDa bands and a con-
spicuous 116-kDa band were present in the gels (Fig. 3A).
To further investigate on the affinity of these molecules for
UEA-I, the dimple and DLE cortex supernates were electro-
phoretically separated under nonreducing conditions; they
were then transferred onto a nitrocellulose sheet and probed
with UEA-I. In the lectin blots, the 200-kDa band did not
react with lectin, the 230-kDa band reacted mildly, while
the large strip including the 260- and 270-kDa bands was
FIG. 1. (A, B) Western blots of sulfo-NHS-biotin-labeled proteins of dimple and DLE regions as transferred onto nitrocellulose sheet and
revealed by streptavidin–alkaline phosphatase. The polyacrylamide concentration used was 5%, and 40 mg of samples per lane was loaded
on the gels. (A) Blot of samples under nonreducing conditions. (Aa, blot of DLE. Ab, blot of dimple. Bands of 270/260, 230, and 200 kDa are
indicated, as well as a minor 250-kDa band (arrowhead). These proteins are not found in the DLE sample (compare Aa with Ab). Asterisk,
band of about 140 kDa; arrow, band of 100 kDa. Ac, Blot of control eggs broken while in sulfo-NHS-biotin. (B) Blots of samples under
reducing conditions. Ba, Blot of DLE; Bb, blot of dimple. By comparing dimple and DLE blots, a 200-kDa protein is only in the dimple blot.
Ba9, this is the same blot as DLE in Ba, restained with amido black; the 200-kDa band is stained. Bc, blot of control egg broken while in
sulfo-NHS-biotin. (C) SDS–PAGE of dimple and DLE cortex, silver stained (40 mg proteins/sample) Ca and Cb, electrophoresis under
nonreducing conditions. Ca, DLE; Cb, dimple. The 200-, 230-, 260-, and 270-kDa bands are present both in D and in DLE; Cc and Cd,
electrophoresis under reducing conditions. The 200-kDa band is present both in the dimple (Cd) and in DLE (Cc). Reference molecular mass
proteins are indicated.
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clearly reactive (Fig. 3B). Similar results were obtained
when the cortex of the dimple and DLE was homogenized
with HB buffer containing 2% NP-40 or 1.5 b-octylgluco-
side or when whole egg supernate was utilized. Preincuba-
tion of lectin with 1 mg/ml fucoidan or 1 mg/ml fucosyl-
lactose inhibited the reaction (data not shown).
Frozen sections of the dimple, exposed to UEA-I FITC,
showed reactivity to lectin at the border of the dimple
center, decreasing along the lateral walls of the dimple and
in small spots of the cortical and peripheral cytoplasm (Figs.
4a and 4b). Control sections, exposed to UEA-I following
preincubation with fucosyl-lactose, did not react with lec-
tin (Fig. 4c).
Blots of the egg cortex were further probed with con-
canavalin A, G. nivalis agglutinin, and A. hypogea aggluti-
nin. The bands examined did not react with concanavalin A
and A. hypogea agglutinin in both dimple and DLE do-
mains. However, the 270-kDa band reacted with G. nivalis
FIG. 2. Thin sections of the dimple. (a) Undissected egg. The typical microvilli of the dimple surface are here shown. They are bordered
by glycocalyx (arrow). The dimple content is indicated (DC). (Inset) SDS–PAGE of the dimple content showing the absence of high Mr
molecules; silver stain. (b) Dissected dimple region, as for the samples utilized for SDS–PAGE. The surface has microvilli bordered by
glycocalyx (arrow). The dimple content is absent. 312,000.
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agglutinin only in the dimple territory (Fig. 3C). The addi-
tion of 100 mM D-mannose inhibited the reaction of G.
nivalis agglutinin on the blots (data not shown).
Lysylendoproteinase C Digestion Releases UEA-I-
Binding Fragments from the Egg Surface
Upon removal of all their investments, the eggs were
exposed to lysylendoproteinase C to release fragments of
surface proteins (see Foltz and Lennarz, 1992). After stop-
ping the reaction with aprotinin, the Ringer solution sur-
rounding the eggs was concentrated and analyzed by SDS–
PAGE. Part of the sample was electrophoretically trans-
ferred to nitrocellulose and incubated with UEA-I gold. One
reactive band of about 63 kDa and a second minor band of
118 kDa are depicted in Fig. 5, indicating the presence of
surface glycoconjugates containing a-L-fucose.
The Electroeluted 200- and 260/270-kDa Bands Are
Able to Bind D. pictus Sperm
Following electroelution, the 200-kDa band yielded a
200-kDa band and/or 120- and 66-kDa bands (Fig. 6a),
together with polypeptides of lower Mr. The pattern of the
separated polypeptides contained the original 200-kDa band
when the protease inhibitor E64 was added to buffer D. This
suggests that the molecule might change its initial Mr
either by the action of exogenous proteases or for a specific
fragility of the molecule that splits into two or more
polypeptides. Similar results were obtained for the 270/260-
kDa band that yielded fragments of lower Mr, including
fragments of 118 and 66 kDa (Fig. 6A). Lipovitellin (115
kDa), the most prominent egg lipoglycoprotein, was also
electroeluted (Fig. 6A).
Glycoproteins eluted in 8 separate sets of elution were
utilized. The electroeluted 200- or the 270/260-kDa band
was adsorbed to polystyrene beads. The adsorption was
checked by boiling an aliquot of beads in sample buffer and
analyzing the released glycoprotein by SDS–PAGE in each
binding experiment (Fig. 6B). Lipovitellin and commercial
BSA were adsorbed to beads as well. Knowing the concen-
trations of the glycoprotein in the eluate before and after
adsorption and the number of beads per volume unit, the
amount of bound 200-kDa band/bead was estimated to be
about 0.0039 mg (1.18 3 1010 molecules). Similarly, the
amount of bound 270/260-kDa band/bead was estimated to
be about 0.0045 mg (1 3 1010 molecules).
In the binding assays, one or two males were utilized for
each experiment. D. pictus sperm are 2.3 mm long, the head
being about 1 mm long (Fig. 7a). When sperm come out of the
bundles, they may get entangled because of their extraordi-
nary length; thus clumps of sperm form, and the resulting
suspension of spermatozoa is, therefore, rather uneven. As a
consequence, it is impossible to give an appropriate meaning
to quantitative counts of sperm bound/bead; i.e., whether
more bound sperm mean a greater ability of the beads to bind
sperm or more spermatozoa available to the beads cannot be
established. Therefore, we measured successful sperm colli-
sion (binding) with beads under constant rocking, in terms of
percentage of beads with sperm, without considering the
number of sperm/bead.
Upon exposure of 200-kDa beads (beads coated with the
eluted 200-kDa band), sperm stuck to the beads either at
their tip or along bends that are often formed when they are
not embedded in the jelly matrix (Figs. 7b and 7c). The
mean percentage of beads with sperm was 76%, a value by
far higher than that achieved by beads coated with BSA and
lipovitellin (Fig. 8A). Binding was stable and sperm were not
released from the beads over several hours. The same assay
was performed by pretreating sperm with 25 mM of calcium
ionofore A23187 for 5 min to induce the acrosome reaction
in substitution of the jelly coat (see Campanella and Gab-
biani, 1979; Gualtieri and Andreuccetti, 1996; Campanella
et al., 1997). Following several rinses with 1/10 Ringer,
sperm were exposed to the 200-kDa beads. Under this
condition, a 25% percentage of beads with sperm was
observed. This value approaches the values reported for BSA
and lipovitellin beads (Fig. 8A).
Upon exposure to 270/260-kDa beads (beads coated with
the eluted 270/260-kDa band), sperm stuck to the beads
when they were pretreated with A23187 (Fig. 7d). On
average, the percentage of beads with sperm was 73%, a
much higher value than the corresponding values of control
beads. In the absence of A23187 sperm treatment, only 23%
FIG. 3. (A) SDS–PAGE of molecules eluted from agarose–Ulex
europaeus agglutinin-I (UEA-I) beads under nonreducing conditions;
silver-stained 5–12% acrylamide gradients. Aa, total egg supernate.
Ab, following elution, a 200-kDa band, several polypeptides and a
prominent 116-kDa band (asterisk) were separated. The 270- and
260-kDa bands form a large strip (small arrows). Reference molecular
masses are indicated. (B) UEA-I blot of dimple and DLE cortex
electrophoretically separated under nonreducing conditions in 5%
polyacrylamide gels. Ba, dimple; Bb, DLE. In both samples the 270-
and 260-kDa bands form a large strip strongly reactive to lectin. A
band of about 230 kDa, as well as other bands, are mildly reactive to
UEA-I. Reference molecular mass proteins are indicated. (C) Galan-
thus nivalis agglutinin (GNA) blots of dimple (Ca) and DLE (Cb)
cortex electrophoretically separated under nonreducing conditions.
The 270-kDa band is reactive in the dimple blot (Ca).
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of the beads had bound sperm (Fig. 8A). Figure 7e is an
example of a sperm that, following treatment with Ca
ionophore, sticks by its head to a 270/260-kDa bead.
Inhibition of Binding on 200- or 270/260-kDa
Beads
The 200- and the 270/260-kDa bands eluted from SDS–
polyacrylamide gels were also tested for their ability to
inhibit sperm binding to beads coated with the correspond-
ing glycoproteins, under the conditions described under
Materials and Methods and in the previous paragraph.
Ringer and BSA were utilized as control media.
Figures 8B and 8C report the percentage of binding
between 200- or 270/260-kDa beads and sperm in the
presence of the corresponding glycoproteins. For the 200-
kDa glycoprotein, the results show that the percentage of
beads with sperm decreased with the increase of soluble
FIG. 4. Frozen section of the dimple incubated with either UEA-I FITC (a and b) or UEA-I FITC after preincubation with fucosyl-lactose
(c). In a, the border of the dimple center is reactive (arrow). VE, vitelline envelope. 3310. In b, underneath the reactive border, granules are
present in cortical (small arrows) as well as in peripheral cytoplasm (arrow). 3500. In c, there is no reactivity. 3310. Inset, drawing of a
longitudinal section throughout the egg, indicating the vitelline envelope, the dimple, the dimple content (DC), and the jelly coats,
including the jelly plug.
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glycoprotein concentration, indicating that sperm binding
might be inhibited in a dose-dependent manner. Maximal
sperm–bead binding in these experiments (74 6 4%) was
not significantly affected by the 200-kDa glycoprotein up to
0.42 mg/ml (Fig. 8A). In contrast, the maximal value of
sperm binding was not affected by soluble 270/260-kDa
glycoproteins (Fig. 8B).
For the 270/260-kDa glycoproteins, the assays were con-
ducted using A23187-treated sperm. The maximal value in
these assays (73 6 4%) was not affected until the glycopro-
tein concentration was 0.5 mg/ml. A dose-dependent inhi-
bition was observed at concentrations of soluble glycopro-
teins in the range of 0.5–1 mg/ml (Fig. 8C). Corresponding
assays utilizing the 200-kDa soluble glycoprotein indicated
that sperm binding to the beads was not significantly
affected by this treatment (Fig. 8D).
In control experiments, soluble BSA had little effect on
the percentages of binding between sperm and beads (Figs.
8B and 8C).
DISCUSSION
Biochemical approaches to the study of the egg surface
are impaired either by the presence of extracellular coats
that need to be removed by means of enzymatic agents
(echinoderms) or by the large number of eggs necessary for
protein purification (mammals). In the amphibian D. pic-
tus, the extracellular investments of the numerous eggs can
be easily removed manually without enzymatic agents.
Therefore, this species gave us the opportunity of studying
surface molecules by a simple protein labeling method.
The dimple center is the only site where fertilization
occurs and calcium release into the cytosol is triggered as a
consequence of either sperm penetration or IP3 injection
FIG. 5. SDS–PAGE and UEA-I blot of polypeptides released from
D. pictus eggs following lysylendoproteinase C exposure. (a) UEA-I
blot. (b) Corresponding silver-stained proteins. Two fragments of
118 and 63 kDa are shown, that react with UEA-I. Molecular mass
standards are indicated.
FIG. 6. (A) Electroeluted egg proteins utilized for adsorption to polystyrene beads. Aa, 200-kDa band (about 1 mg); several bands of lower Mr are
also present, including bands of 66 and 120 kDa; Ab, 270/260 kDa band (1 mg). The original band is indicated together with 118- and 66-kDa bands
and lower Mr bands. Ac, lipovitellin (115 kDa). Reference molecular masses are indicated. (B) SDS–PAGE of polypeptides as recovered following
exposure and adsorption to the beads. Ba and Bb, 10% acrylamide gels; Bc and Bd, 5–12% acrylamide gradients. Ba, unbound sample of
electroeluted 200 kDa utilized for adsorption to the beads; Bb, corresponding bound sample, as recovered upon boiling of the beads. Bc, unbound
sample of electroeluted 270/260 kDa utilized for adsorption to the beads; Bd, corresponding bound sample, as recovered upon boiling of the beads.
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(Talevi et al., 1985; Campanella et al., 1988; Nuccitelli et
al., 1988; Talevi and Campanella, 1988). In fact, the endo-
plasmic reticulum reaches the critical concentration that
permits the calcium elevation event to occur only in this
site (Campanella et al., 1988; Gualtieri et al., 1992). A
privileged localization of specific molecules in the dimple
center is also supported by the finding that, in this site, the
concentration and distribution of intramembrane particles
is clearly different from that of the DLE (Gualtieri et al.,
1989). In this regard, Cl2 channels, which, in anurans, are
calcium-activated and depolarize at fertilization, are lo-
cated only in the dimple center (Nuccitelli et al., 1988;
Talevi et al., 1992). Taken together, these data suggest
consistently that, in D. pictus eggs, molecules might be
present uniquely or at their highest concentration in the
central part of the dimple.
Our results showed that the monodimensional electro-
phoretic patterns of dimple and DLE differ only in the
relative concentration of proteins; however, at the dimple
surface, at least four molecules (200, 230, 260, and 270 kDa)
exist that are not found at the DLE surface. The 270/260-
and 230-kDa bands were modified by mercaptoethanol in
the sample buffer, suggesting that the molecules present in
these bands might have disulfide bonds.
Ultrastructural (Gualtieri and Andreuccetti, 1996) and
lectin fluorescence (this paper) studies indicate that UEA-
I-binding sites are present in the dimple center. The affinity
with UEA-I and LTA, a lectin that similarly binds a-L-
fucose, is high in this site and drastically decreases toward
the dimple walls (Denis-Donini and Campanella, 1977;
Gualtieri and Andreuccetti, 1996). Therefore, in the present
paper, the ability to bind UEA-I was considered as a marker
for determining which molecule, among those located at
the dimple plasma membrane surface, is highly concen-
trated in the domain of the dimple center. It was found that
three (200, 260, and 270 kDa) of the four major molecules
detected at the dimple surface, as well as peptide fragments
obtained by lysylendoproteinase C treatment of intact eggs,
did bind UEA-I. We suppose that the 200- and 270/260-kDa
bands are the main glycoproteins responsible for reactivity
to UEA-I, histologically localized at the center of the
dimple surface.
Some discrepancy exists between affinity chromatogra-
phy and lectin blot assays. According to affinity chromatog-
raphy using UEA-I agarose, 200- and 270/260-kDa bands
contained a-L-fucose. However, in lectin blots, the 270/260-
kDa band readily bound UEA-I, whereas the 200-kDa band
did not. The absence of reactivity of the 200-kDa band in
lectin blots was independent of the detergent utilized in the
homogenization buffer. This finding, coupled with the
observation that the 270/260-kDa band reacted with UEA-I
in blotting experiments but bound rather mildly the agarose
immobilized lectin, suggests that the 200- and 270/260-kDa
bands might have reactive sites for UEA-I differently avail-
able or affected according to the method used. This point
needs further investigation.
As mentioned, the UEA-I-binding glycoproteins were
unexpectedly found both at the dimple surface and in the
DLE cortex. The presence of such glycoproteins in the
whole egg cortex might be explained by the UEA-I-binding
granules and vesicles found in the peripheral cytoplasm of
D. pictus eggs (Gualtieri and Andreuccetti, 1996; and this
paper). Denis-Donini and Campanella (1977) reported that
an active vesicle exocytosis reshapes the plasma membrane
during dimple formation. As a consequence, fucosylated
molecules settle at the center of the forming dimple. It can
be hypothesized that surface glycoproteins might be segre-
gated in vacuoles of the peripheral cytoplasm that merge
with the oolemma only in the territory of the forming
dimple. On the other hand, the 270-kDa band reacted with
G. nivalis agglutinin, a lectin specific for nonreducing
terminal mannosyl residues present in the high-mannose-
type N-linked chains (Shibuya et al., 1998), only in the
dimple territory. This suggests that, when exposed at the
surface, this band has a different glycosylation with respect
to its cytoplasmic form. Interestingly, Ohlendieck et al.
(1994) found that, in sea urchins, the 350-kDa glycoprotein,
located at the egg surface, is also present in the cortical
granules. Partin et al. (1996) showed that it is apparently
similar, if not identical, in these two sites.
Several studies have indicated the presence of fucose,
particularly in its sulfated form, in glycoconjugates in-
volved in sperm–egg interaction, although it is not yet clear
whether a specific role exists for this sugar (Bowell et al.,
1979; Stafford et al., 1992, in Fucus; Focarelli and Rosati,
1995, in Unio; Segall and Lennarz, 1979; Glabe et al., 1982;
De Angelis and Glabe, 1987, 1988; Foltz and Lennarz, 1993;
Dhume et al., 1996, in sea urchins; Rosati and De Santis,
1978, 1980; De Santis et al., 1983, in Ciona; Ruttenberg-
Barnum and Brown, 1983, in Limulus; Ahuja, 1982; Drav-
land and Mortimer, 1988; Jones et al., 1988; and O’Rand et
al., 1988, in mammals). However, these studies are mainly
concerned with glycoproteins located in extracellular coats,
with some exceptions, as Fucus, (Bowell et al., 1979;
Stafford et al., 1992), having eggs without external invest-
ments, and hamster (Dravland and Mortimer, 1988). In the
FIG. 7. Sperm binding to 300- to 400-mm large beads. (a, a9) D. pictus sperm DAPI-stained. In the a9, the long and tapered head is shown,
whose posteriormost and thickest portion (arrows) is not covered with the acrosome cap. Original magnification: a, 3250; a, 3400. (b, c)
200-kDa band coated beads. (b) DAPI-stained heads bound to the bead surface. 3100. (c) Unstained sperm bound to the beads (small arrows).
3200. (d, e) 270/260-kDa band coated beads. (d) Two beads bearing ionophore treated spermatozoa (small arrows). 360. (e) DAPI stained
nuclei. The arrow indicates the tapered apical portion of the sperm nucleus (ionophore treatment) surrounding the bead. 3250.
219Molecules for Sperm Binding on Frog Egg Oolemma
Copyright © 1998 by Academic Press. All rights of reproduction in any form reserved.
present report, we detected surface glycoproteins that do
not belong to the dimple content, as is shown by the
SDS–PAGE pattern of this matrix. They are instead located
in the glycocalyx and/or in the egg plasma membrane. The
fucosylated fragments shed from the egg surface after ly-
sylendoproteinase C digestion may constitute the extracel-
lular portions of the detected molecules and may be instru-
mental for their future molecular characterization and
comparison. At present, whether a structural relationship
exists between the 200- and the 270/260-kDa bands is not
known. Our initial data indicate that the carbohydrate
chain of the 270-kDa band is dissimilar to the chain of the
200-kDa one, at least in the dimple region.
The in vitro assays indicated that the 200- and the
270/260-kDa glycoproteins are able to bind sperm. Sperm
binding to 200-kDa beads was accomplished before the
FIG. 8. (A) Quantification of the mean percentage of beads with sperm, as counted in sperm binding assay. A23187-exposed and unexposed
sperm were utilized. Beads were coated with BSA, lipovitellin, or 200- or 270/260-kDa glycoproteins. Bars represent standard deviation with
n 5 3. (B, C, D) Dose-dependent inhibition of sperm binding to beads coated with 200-kDa (B) or 270/260-kDa (C) soluble glycoproteins and
related controls. The BSA control protein had little effect on sperm binding to the beads. (B) Assay with soluble 200-kDa glycoprotein.
Experiments utilizing soluble 270/260 glycoproteins do not affect sperm binding to the 200-kDa beads. (C) Assay with soluble 270/260 kDa
glycoproteins. (D) Experiments utilizing soluble 200-kDa glycoprotein do not affect sperm binding to the 270/260-kDa beads. In B, C, and
D bars indicate the standard deviation with n 5 5.
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occurrence of the acrosome reaction, suggesting that sper-
matozoa bind the 200-kDa glycoprotein through the plasma
membrane. By contrast, with the 270/260-kDa beads, sper-
matozoa bound after calcium ionophore treatment, i.e.,
following the acrosome reaction. Beads staining with DAPI
revealed that sperm bind the beads by their head, thus
rendering rather remote the hypothesis that binding might
occur in sites where the acrosome is absent. In both cases,
the solubilized glycoproteins competitively inhibited the
binding between sperm and the corresponding 200- or
270/260-kDa beads in a dose-dependent manner. Inhibition
did not occur if either solubilized glycoprotein was replaced
by the other in these assays. We suggest that these mol-
ecules might have a sperm binding activity in the dimple
center, the site where they are exposed at the surface of the
egg. Two types of molecular interaction may occur between
sperm and egg, one mediated by the 200-kDa glycoprotein
and the other mediated by the 270/260-kDa glycoproteins.
In its natural environment, the acrosome reaction is trig-
gered when sperm come into contact with the jelly layer. In
a few seconds, they become embedded in the thick jelly
plug, which sits in a large concavity of the animal hemi-
sphere, and converge into the dimple. Penetration of the egg
investments takes about 15 s. When sperm arrive at the
dimple surface, they are still at a very early stage of
vesiculation (hybrid vesicles of plasma membrane and outer
acrosome membrane), as documented by ultrastructural
studies (Campanella et al., 1997). In D. pictus fertilization,
the first contact is established between sperm plasma
membrane in the process of vesiculation and the dimple
glycocalyx. Subsequently, fusion occurs between the inner
acrosome membrane and the oolemma deprived of the
antennular glycocalyx (ultrastructural observations), when
an imposing release of acrosome content is observed at the
site of gamete interaction. This suggests that acrosomal
enzymes may clear the glycocalyx away after binding has
occurred, thus permitting a second interaction and fusion
(Campanella et al., 1997; and see De Santis et al., 1992).
For mammalian spermatozoa, the presence of several
prerequisites for the molecules involved in gamete binding
and fusion is well known (Primakoff et al., 1987; Blobel et
al., 1992; Myles, 1993; Yuan et al., 1997). For egg surface, it
is not yet clear whether binding and the resulting fusion is
a one-step or a multistep process, in which one or more
molecules are involved (see also Ohlendieck and Lennarz,
1995; Schultz and Kopf, 1993; Parrington et al., 1996).
At present, this is the first report on the identification
and separation of molecules related to the oolemma binding
in vitro homologous sperm. In this regard, it has been
postulated that in Xenopus, integrin-like molecules might
be able to trigger activation upon binding with disintegrin
domains (Iwao and Fujimura, 1996; Shilling et al., 1997),
similarly to what has been suggested in mammals (Fusi et
al., 1992 and 1993; Tarone et al., 1993; Almeida et al.,
1995). It is noteworthy that the large integrin family in-
cludes such glycoproteins as IIb–IIIa that binds to ligands
containing the RGD core sequence (Rouslanti and Piersch-
bacher, 1987). Molecular mapping and purification of D.
pictus 200- and 270/260-kDa bands are under way and
might clarify the role of these molecules in fertilization.
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